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THE TEMPIRATURE RELATIONS BETVEEN WATER AND AIR AT ST. ANDRINS, N.Be

By
H. B. Hachey.

ibstract

Monthly nomals for the water and air at 8t. Andrews,
lle Be have been detemined. These monthly normals were found to
it simple sine curves. The equations of these sine curves were
detemined and combined to furnish an equation represemting the
rolation betweon the water and air nomals. The relations repe
resented by the final equation are discussed, and the definite
offegts of the water on the air in this region are pointed out.

Oums-ormWMolmmaﬂmmlm 1"
by the Biological Soerd of Camada requires the recoriing of water {
temperatures throughout the year over e considereble portion of the
Ltlansiec Coast weters, In this comnectlon water amnd air tempereatures
&t St. Andrews, N. B. have been recorded for seversl yeers pest. The
records from 1921 to 1929 inclusive have been anslysed and form the
sub jeet matter of this paperld
Compilation of Date

From the recorded dsts, momthly noreels for water and afr |
have been determined amd recorded in Table 1 end plotted in figure 1. !
Sine cwrves were found %o it these points quite closely. The equa=
tions of these curves are as follows: ’ ;




vater y,_-c.s-u-ﬁ. ‘l“:"’

Aty y,vl.e-.n.im.m

¥} = normel water temperature in degrees Centigrade
y'-mldrt-pmhmcgm
x = time expressed in months.
mmmmmthmhmmumhﬂhh
mmﬂummmmuyxnir'uumhyh
cquetien ¥y = ¥y + o2 = 6.2 sin TLED) 4 12,4 a1a T=3)
:vdutumuuﬂMWvdusmrmmmﬂ-
peratures, the values of y, have been caleulated and recoxded in
table 2, The difference be twoen these caloulated water normals and
NMumm-xadmmﬂummh.
The use of these formuls is limited by the fllowing feots:
(a) The normals have been derived from the readings taken over a very
 short verlod. The teking of the air temperatures has suffered some
interruptions end the nomals are not as rowesantative of the air as
they should be.
(b) It must be remembered that the indicated relaticns ere for the
St. sndrews region. The hydrographic condiilons in this region are
very & fferent from other parts of the coasti.
(¢) The errors in caloulating the monthly norsmls as shown in the
tables may be as large as 2.,5°C,
(d) The monthly normels are representstive of ils temperatures at
the middle of the month. In the case of the waior temperanilures it
must not be presumed that there 1s anything like & regular gradation
throughout the month. The daily water tempereturc is dependent upon
many factors such as sunshine, air temperature, wind, tidel ssplitude,

md time of tide.
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{e) It is posaible to detemmine sine curves which will fit the ob-
served velues with greator acowscy. To do this it would be neccssary
to detemmine weekly normals. This would recult in an increased ame
plitude and & slight change in the factor detemining the phase,

(f) Ia practice we are dealing with water emd air in contaet. The

water snd air both receive Iireot rediation from the mn, and en

interchange of heat betwoen the air and the wator is contimually
saking plece. The temperature as well as the other physicel cenditions
of the air are necessarily detexmined by world conditions, but are
susceptible to comsidersdle moderation by local conditionn.

Analyeis of Results
The tamperature mhﬁm betwveen the wmmter and the alr can

bo rewritton in & simplified form as Sollowss
V3= 7y =Py = o2 =32 stnTLE 4 7.0 cos IpE

where i3 is the difference between the normal wator temperature and

the normel air temperatwe. 7This equation iz slso plotted in figure

1, mnd the calculated values of y" recarded in table 3.

By means of a simple smslysis of the eguation for yg, e
following resulis are obtained:

. The greatest mumericsl values of yg are found to be,
y,-v.vni:-u--—--.mnn
!’.'VJCQI'MM“M

Similarly,
1,-‘&)0:-8.8———-—-&:&“-!“

at X = 8.2 e——ecwe—-=sgptanber 21st
m.wmunumuy,us.o
mdthmwn@luvﬂmdv,uﬁv




i. (a) The nomal temperature of the water at 5t. Andrews
otm“oqummmw:rmhotmm

7y = 6.2 - 6.2 sin IR (XB)
wmylummmummm-nxum
tine in months.

{b) The nomal temperature of the air at St. Andrews at
.mm-uwuw.mmmctmm

5 = 6.0 - 12.4 stn InA®3) |
m:,ummmnm:m:m«.uxum
' tims in months.
{(e) The relation bétween the water and air nomal tem-
nmtwuut&t.mbaaombeumunheby-romharmm

g = o2 = 3.1 sin Z5E + 7.0 cos FLE »

where ,' ¥y~ Jg
2. (c)mmmmmtmmnotmdru

(b) On August 15th the water resches its maxisum temperature.

{e) Cn Jenuary 15th. the minimum temperature of the sir is
reachode

(a) Onmm\tb wator reaches its minimum temperee
ture. | :

(é) on Jume 213t yg has 1ts greatest negetive value, 1.0.
the temperature gradiont between the air and the water has reached its
greatost positive walus,

() On Mareh 2st y3 is equal to zore, i.e. the tempeareture
gradient between the air and the wmter la zero.

(2) On September 21st yy is equal to zero, i.e. the tem-
rerature gradient vetween the alr amd ihe water is mero.
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¢h) On December 21st yg has its greatest positive walue,
i.0. the temperature gradient between the air and the water has
reached its greatest nogantive value.

(1) The average positive value of yg is 5.0

(J) The average negstive value of Vg 1s 4.7

The annual movenents of the sun with reference to saw fixed
point on the earth deing truly periodic various periodiec effects are
produced, Atmospheric cond itions remsining constant, a determinstion
of the intemsity of radiation falling on a chosen area would show an
snnual variation following & periodic law. In such & case a very
shallow body of water would exhibit a simllar periodie variation in
temrerature. If the depth of the water was considerable s pronounced
lag in the water temperatures would be noted.

' In the practical case atmospheric conditions ere snything
but constant, and the various bodies of water that concern us are
usually subjected to sgemeies other than the heat from the sun which
tend to determine the temperatures of the surface waters. To
illustrate, various waters are frozen ower throughout meny months
of the year with the result that the upper layers of the water remain
practically comstent throughout those months. Otler waters ere sube
jected %o the influence of the waters of very pronounced currents
which may supply either warm water or cold water containing much
drift ice or icebergs. If ah ares im an open ocean is considered
wiich is comparatively free from such influences it is found that
the temperatures of the surface waters do follow a periodic law,
particularly if the temperatures over a nusber of years are studied.

Similarly if the temperature of the alr was determined
solely by the heat received from the sun, the temperatures would
- follow a periodic law, Alr movenmonts, the results of world conditions
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are one of the many factors which enter into the determination of
the air temperatures. Atmospheric conditiomns affecting the amount
of the sm's heat which is able to reasch the layers of air in cone
tact with the surface of the carth are other factors which enter.
The nature of the surface of the earth with which the eir is in
contact is still another factor which might be mentioned. - Conse-
quently elr temperatures depart considersbly from a periodie law.

A periodic variation is usumlly spproximated %o in many localities,

The temperatures of the surface waters in the 5t. Andrews
region are peculisr to the region. A large body of water is concerned
with tidal effects which lring about en interchange of swurface and
bottam water on & large seale. This volume sction is responsible
for the storing of heat abstrbed, and for the releasing of heat when
e transference from water %o air can take place. That this storing
of 'eat doss take place on & large scale is shown by the marked lag
of the water temperstwres behind those of the air. |

The interchange of heat betwern the air and the water
would be comtrolled by a mumber of factors. Definitely the tempere=
ture gradient would play a large part in detemining the magnitude
and the direction of the interchange. For this reasom it is of
interest to note the times of the year when the temperature gradient
has its maximun and minimum values. The interesting coincidence
between these dates and the positions of the sun with referemnce to
the ecarth's equator is also worthy of note.

The average positive value 'ot b is approximately equal to
the averasge negative value of&. Hence, in so far as the temperature
gradient is concerned, the influence of the water on the elr in this
region must be aprroximately the same as the influence of the air om
the water.




The hydrographic work of the Bicloglcel Doard of Canada
noerned with the investigation of the physical eonditions of

I'.uous waters of our coasts. In the investigation of the
recions the physiesl conditions of the surface waters
pregsents valuable information as to the mechenism involved

mining the hydrographic econiitions in the region. The
gl coniitions of the alr over the region are also found to
considerable importance.
In the 3%, Andrews region much valuable data has been
over a period of years. In proceeding to analyse this
a treattent of the air md surface mter temperatures is first
ted. The average condition over a period of years is thus
ted. This will be followed by a treatment of the conditions
be found at the various depths, and a discussion of the

isn that is responsible for the hydrogrephical conditions

the rogion.




TABLE X

Observed Values from a=b Observed Values from c=d
» (&) )
Jan, “6ad 044 0.0 1.0 0.8 0.2
Feb, R 4.7 047 0.0 0.0 0.0
uareh 1.1 -l 1.3 0.9 0.8 0.1
April 5.9 6.0 «0.1 3.1 3.1 040
May 11,2 12,2 «1.0 8.5 6.2 0.3
June 15,1 16,7 ~1.6 849 9.3 044
July 18.4 18,4 040 11.6 11.6 040
Aug. 17.3 16.7 0.6 12.4 12.4 0.0
sept. 15,9 12.2 1.7 12,1 11.6 045
oet, 8.5 8.0 2.5 10.2 9.3 0.9
Hov. 3.1 -2 5.3 7.1 6.2 0.9
Dege 3.4 =be¥  le3 3.8 ES S 004
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TABLE 2
observed Values Observed Values celeulated Eryor
r Water wa ‘

Jan. -0 1.0 0.8 -0.2
Feb. =5ed 0.0 =07 «0.3
luare 1.1 0.9 241 1.2
Apre 5.9 3.1 3.0 =0.1
lay 11.2 Gel a2 =led
June 15.1 8.9 7.7 “le2
July 18.4 11.6 11.0 0.0
Auge 17.3 12.4 130 0.6
Septe 13,9 12,1 1549 1.2
oet. 8.5 10.8 11.8 1.0
Hov. 3.1 7.1 9.5 Zed
Deg. =3 3u5_ 4l 0.9




TABLE 3

Observed values Caleulated
v Ve TR, ¥y
Jen, 1.0 044 7.4 742
Feb, 0.0 ' 5.4 4.7
Mar, 0.9 ;1 «0,2 1.0
ADPe 3.1 549 -2,8 -2.9
May 65 10,8  «4,7 " =40
June 849 18,1  «6,2 7.4
July 11.6 18,4  =8,8 «0,8
Aug. 12.4 17.3  =dd 4o
septe 12,1 18,9  «l.8 «0,6
oot 10,2 8.5 1.7 3.3
Nov. 7.1 " Bed 4.0 6.6
Dee. 3.5 34 6.9 7.8
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